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AQD

supported by more than two decades of.résearch

n support of a sustainable milkfish aquaculture,
research on captive breeding and mass fry produc-
tion were undertaken for the past two decades at
SEAFDEC/AQD. These technologies, now being
adopted by the private sector, include:

BROODSTOCK MANAGEMENT

Although a scientific breakthrough in 1977, the induced
spawning of wild-caught sabalo (adult milkfish) had a low
success rate and leads to mortalities. Thus, milkfish were
reared to adults in floating net cages (10 m diameter by 3 m
deep) and concrete tanks (10 x 10 x2m or 10 x 25 x 2 m deep)
supplied with flow-through filtered seawater. Sexual matura-
tion began as the broodstock reached 5 years of age (body
weight 3 kgs and above). Since then, natural spawning has
been observed annually in floating net cages.

Eggs are immediately collected to prevent cannibalism by
the broodstock using a manually operated sweeper-type egg
collector. Fine mesh knots attached to an airlift system
made of 4" diameter PVC pipe collect the eggs in concrete
tanks. Egg production of up to 2.5 million/female/season
has been attained. Viable eggs are about 80% per spawning,
of which 80% hatch. Normal hatchings (straight and without
deformities) are usually 80% per spawn.

BROODSTOCK DIET

A diet formulated by SEAFDEC/AQD to support sexual
maturation and production of high quality eggs of milkfish is
used to feed the broodstock. The diet contains 36% protein
(from imported animal and terrestrial proteins), 6% lipid and
vitamin mix.



COMMERCIAL FRY
PRODUCTION

The water and feeding
management schemes for
milkfish larviculture have
been developed to
ensure mass fry produc-
tion. Hatchery operations
utilize either an intensive
(high stocking density, high volume tanks, daily feeding and
water change) or a semi-intensive (low stocking density, high
volume tanks, minimal water change, feeding with mixed diet)
system, with an average survival rate of 30% (from stocked
newly-hatched larvae). The technology has been used by the
private sector to utilize abandoned shrimp hatcheries.

LIVE TRANSPORT

A technique that combines utilizing pre-transport starvation
anesthetic at capture, chilled transport water, and a sedating
dose of anesthesia effectively transports live broodstock. It
was tried on 4-13 year old broodstock placed in oxygenated
transport plastic bags (2m long x 0.5m wide) containing
40-1 chilled (20-22°C) seawater and 5 ml 2-phenoxyethanol
(anesthetic). The transport bags were then placed in styro-
foam boxes. Travel time was 6-7 hours, recovery was fast,
and no mortality was recorded. Eggs (embryonic stage) and
newly-hatched larvae were also transported in oxygenated
plastic bags containing 12-1 seawater and supported by straw
bags. Optimum density, temperature, and salinity was 100,000-
120,000 eggs or larvae per bag, 28-30°C and 32-34 ppt.

LARVAL DIET

To minimize the use of mass-cultured rotifers, a formulated
larval diet containing adequate nutrition (highly unsaturated
fatty acids and vitamin mix) was found to be an effective
supplement for rotifers and alternative for the expensive
brine shrimp (Artemia) nauplii for milkfish larviculture.



PARTIAL LIST OF SEAFDEC/AQD
RESEARCH PUBLICATIONS ON MILKFISH

Agbayani RF, Baliao DD, Franco NM,
Ticar RB, Guanzon NG Jr. 1989. An
economic analysis of the modular
pond system of milkfish production
in the Philippines. AQUACULTURE 83:
249259

Agbayani RF, Lopez NA, Tumaliuan
RE, Berjamin GD. 1991 Economic
analysis of an integral milkfish
broodstock and hatchery operation
as a public enterprise. AQUACUL-
TURE. 99: 235-248

Alava VR. 1998. Effect of salinity, di-
etary lipid source and level of
growth of milkfish (Chanos chanos)
fry. AQUACULTURE 167: 229-236

Alava VR. Kanazawa A. 1996. Effect
of dietary fatty acid on growth of
milkfish Chanos chanos fry in
brackishwater. AQUACULTURE 144 (4):
363-369

Almendras JME. 1987. Acute nitrite tox-
icity and methemoglobinemia in juve-
nile milkfish (Chanos chanos Fors-
skal). AQUACULTURE 61 (1): 33-40

Bagarinao T. 1994. Systematics, distri-
bution, genetics and life history of
milkfish, Chanos chanos. ENVIRON.
BIOL. FISHES 39 (1) 23-41

Bagarinao T. 1986. Yolk resorption,
onset of feeding and survival poten-
tial of larvae of three tropical ma-
rine fish species reared in the
hatchery. MAR. BIOL. (91):449-459

Bagarinao TU, Kumagai S. 1981. Stud-
ies on the habitat and food of juve-
nile milkfish in the wild. FISH. RES.
J. PHILIPP. 6 (1): 1-10

Bautista MN, de la Cruz MC. 1988.
Linoleic (omega 6) and linolenic
(omega 3) acids in the diet of finger-
ling milkfish (Chanos chanos Fors-
skal). AQUACULTURE 71 (4): 347-358

Bautista MN, del Valle MJ, Orejana
FM. 1991. Lipid and fatty acid com-
position of brackishwater and fresh-

waterreared milkfish (Chanos chanos
Forsskal). AQUACULTURE. 96 (3-4):
241-248

Benitez LV, Tiro LB. 1982. Studies on
the digestive proteases of the milk-
tish Chanos chanos. MAR. BIOL. 71
(3): 309-315

Borlongan IG. 1992. The essential fatty
acid requirement of milkfish (Chanos
chanos Forsskal). FISH PHYSIOL.
BIOCHEM. 9 (5-6): 401-407

Borlongan IG. 1992. Dietary require-
ment of milkfish (Chanos chanos
Forsskal) juveniles for total aromatic
amino acids. AQUACULTURE 102 (4):
309-317

Borlongan IG. 1991. Arginine and
threonine requirements of milkfish
(Chanos chanos Forsskal) juveniles.
AQUACULTURE 93 (4): 313-322

Borlongan IG. 1990. Studies on the
digestive lipases of milkfish, Chanos
chanos. AQUACULTURE 89 (3-4): 315-
325

Buri P. 1981. Pigmentation pattern in
the early developmental stages of
milkfish (Chanos chanos): A key for
larval identification. FISH. RES. J.
PHILIPP. 6 (1): 51-55

Buri P, Banada V, Trino A. 1981. De-
velopmental and ecological stages in
the life history of milkfish Chanos
chanos (F.). FISH. RES. J. PHILIPP. 6
(2): 33-58

Chaudhuri H, Juario JV. 1977. Use of
hormones in breeding cultivated
warm-water fishes with special refer-
ence to milfish, Chanos chanos
(Forsskal). FISH. RES. ]. PHILIPP. 2
(2): 1-6

Chaudhuri H. Juario J, Samson R, Tiro
L. 1976. Notes on the external sex
characters of Chanos chanos
(Forsskal) spawners. FISH. RES. J.
PHILIPP. 1 (2): 76-85



Chaudhuri H, Juario JV, Primavera JH,
Samson R. Mateo R. 1978. Observa-
tions on artificial fertilization of eggs
and the embryonic and larval devel-
opment of milkfish Chanos chanos
(Forsskal). AQUACULTURE 13 (2): 95-
113

Chiu YN, Benitez LV. 1981. Studies on
the carbohydrases in the digestive
tract of the milkfish Chanos chanos.
MAR. BIOL. 61 (2-3): 247-254

Coloso RM, Tiro LB, Benitez LV. 1992.
Requirement for trytophan by milk-
fish (Chanos chanos Forsskal) juve-
niles. FISH PHYSIOL. BIOCHEM. 10 (1):
3541

de la Pena LD, Chiu YN, Ganchero F
1987. Evaluation of various legumi-
nous seeds as protein sources for
milkfish, Chanos chanos Forskal, juve-
niles. ASIAN FISH. ScL 1 (1): 19-25

Duray MN. 1995. The effect of tank
color and rotifer density on rotifer
ingestion, growth and survival of
milkfish (Chanos chanos) larvae.
PHILIPP. SCIL 32 1826

Duray M, Bagarinao T. 1984 Weaning
of hatchery-bred milkfish larvae from
live food to artificial diets. AQUACUL-
TURE 41 (4): 325-332

Emata AC, Marte CL. 1994. Natural
spawning, egg and fry production of
milkfish, Chanos chanos (Forsskal),
broodstock reared in concrete tanks.
J. APPL. ICHTYOL. 10 (1): 10-16

Emata AC, Marte CL. 1993. Broodstock
management and egg production of
milkfish, Chanos chanos Forsskal.
AQUACULT. FISH MANAGE. 24 (3)
381-388

Emata AC, Marte CL. 1992. The use of
a visual implant tag to monitor the
reproductive performance of indi-
vidual milkfish Chanos chanos
Forsskal. J. APPL. ICHTYOL. 8 (1-4):
314-317

Emata AC, Marte CL, Garcia LMB.
1992. Management of milkfish
broodstock. Tigbauan, Iloilo, Philip-
pines: SEAFDEC Aquaculture Depart-
ment. 22 pp

Estudillo CB, MN Duray, Marasigan ET.
1998. Growth and survival of milkfish
(Chanos chanos), sea bass (Lates
calcarifer), and rabbitfish (Siganus
guttatus) larvae reared at the same
density in different sized tanks. ISR.
J. AQUACULT. - BAMIDGEH 50: 20-24

Gapasin RS], Bombeo R, Lavens P.
Sorgeloos P, Nelis H. 1998. Enrich-
ment of live food with essential fatty
acids and vitamin C: effects on milk-
fish (Chanos chanos) larval
peformance. AQUACULTURE 162 (3-4):
271-288

Garcia LMB, Gapasin RS]. 1988. An
inexpensive tag for shortterm studies
in milkfish (Chanos chanos Forsskal)
and in seabass (Lates calcarifer Bloch).
J. APPL. ICTHYOL. 4 (3): 101-104

Garcia LMB, Toledo JD 1988. Critical
factors influencing survival and hatch-
ing of milkfish (Chanos chanos
Forsskal) eggs during simulated trans-
port. AQUACULTURE 72 (1-2) 85-93

Hara S, Canto JT Jr., Almendras JME.
1982. A comparative study of various
extenders for milkfish, Chanos chanos
(Forsskal), sperm preservation. AQUA-
CULTURE 28 (3-4): 39-346

Hilomen-Garcia G.V. 1998. Sensitivity of
fertilized milkfish (Chanos chanos
Forsskal) eggs to mechanical shock
and simulated transport. AQUACUL-
TURE 159 (3-4): 239-247

Hilomen-Garcia GV. 1997. Morphological
abnormalities in hatchery-bred milk-
fish (Chanos chanos Forsskal) fry and
juveniles. AQUACULTURE 152 (1-4): 155-
166

Juario JV, Storch V. 1984. Biological
evaluation of phytoplankton (Chlorella
sp., Tetraselmis sp. and Isochrysis
galbana) as food for milkfish (Chanos
chanos) fry. AQUACULTURE. 40 (3) :
193-198

Juario JV, Quinitio GF, Banno JE,
Natividad M. 1980. Effects of exog-
enous hormone injections on milt
consistency in newly caught, wild
milkfish. KALIKASAN 9 (2-3): 321-326



Ferraris RP, Almendras JM, Jazul AP.
1988. Changes in plasma osmolality
and chloride concentration during
abrupt transfer of milkfish (Chanos
chanos) from seawater to different test
salinities. AQUACULTURE 70 (1-2): 145
157

Ferraris RP, Catacutan MR, Mabelin RL,
Jazul AP. 1986. Digestability in milk-
tish, Chanos chanos (Forsskal): Effects
of protein source, fish size and salin-
ity. AQUACULTURE 59 (2): 93-105

Kumagai S, Castillo NM. 1980. Changes
in the length and weight of milfkish,
Chanos chanos, larvae preserved in
formalin. FISH. RES. J. PHILIPP. 5 (1):
1723

Lim C. Sukhawongs S. Pascual FP. 1979.
A preliminary study on the protein
requirements of Chanos chanos
(Forsskal) fry in a controlled environ-
ment. AQUACULTURE 17 (3): 195-201

Marte CL. 1998. An improved method
for collecting naturally spawned milk-
fish eggs from floating cages. AQUA-
CULTURE 71 (4): 387-392

Marte CL, Lacanilao F. 1986. Spontane-
ous maturation and spawning of milk-
fish in floating net cages. AQUACUL-
TURE 53 (2): 115132

Marte CL, Lam TJ. 1992. Hormonal
changes accompanying sexual matura-
tion in captive milkfish (Chanos
chanos Forsskal). FISH PHYSIOL.
BIOCHEM. 10 (4): 267-275

Marte CL, Sherwood NM, Crim LW,
Harvey B. 1987. Induced spawning of
maturing milkfish (Chanos chanos
Forsskal) with gonadotropinreleasing
hormone (GnRH) analogues adminis-
tered in various ways. AQUACULTURE
60 (3-4): 303-310

Pantastico JB, Baldia JP, Reyes DM Jr.
1986. Feed preference of milkfish

FOR COPIES OF THESE REPORTS

E-mail: library@aqd.seafdec.org.ph
aqdlib@i-iloilo.com.ph
Fax: (63 33) 3351008, 336 2891

(Chanos chanos Forsskal) fry given
different algal species as natural feed.
AQUACULTURE 56 (3-4): 169-178

Santiago CB, Banes-Aldaba M, Songalia
ET. 1983. Effect of artificial diets on
growth and survival of milkfish fry in
water. AQUACULTURE 34 (3-4): 247-252

Santiago CB, Pantastico JB, Baldia SF,
Reyes OS. 1989. Milkfish (Chanos
chanos) fingerling production in fresh-
water ponds with the use of natural
and artificial feeds. AQUACULTURE 77
(4): 307-318

Toledo JD, Gaitan AG. 1992. Egg canni-
balism by milkfish (Chanos chanos
Forsskal) spawners in circular floating
net cages. ]J. APPL. ICTHYOL. 8 (1-4):
257-262

Villaluz AC, Unggui A. 1983. Effects of
temperatures on behavior, growth, de-
velopment and survival in young milk-
fish, Chanos chanos (Forsskal). AQUA-
CULTURE 35 (4): 321-330

Villegas CT. 1990. The effects on growth
and survival of feeding water fleas
(Moina macrocopa Strauss) and rotifers
(Brachionus plicatilis) to milkfish
(Chanos chanos Forsskal) fry. ISR. J.
AQUACULT.- BAMIDGEH 42 (1) 10-17

Villegas CT, Lumasag GL. 1991. Biologi-
cal evaluation of frozen zooplankton
as food for milkfish (Chanos chanos)
fry. J. APPL. ICTHYOL 7 (2): 6571

Villegas CT, Bombeo T. 1982. Effects of
increased stocking density and supple-
mental feeding on the production of
milkfish fingerlings. FISH. RES. J.
PHILIPP. 7 (2) 21-27

Villegas CT, Millamena O, Escritor F.
1990. Food value of Brachionus plica-
tilis fed three selected algal species as
live food for milkfish, Chanos chanos
Forsskal, fry production. AQUACULT.
FISH. MANAGE. 21 (2): 213219




